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Introduction

88
Precipitation is an important parameter used to characterize climate 89 characteristics and climate change, and it is one of the key components of the Earth"s 
119
Many scholars have discussed the phase identification of precipitations (Harder, 120 2013, 2014). Dai (2008) analyses the temperature range of precipitation phase change However, in a larger scale study, it is usually difficult to obtain the observational mean dew temperature. The data used for the previous studies were observed prior to 176 1979, and they used the monthly snowfall ratio method as an auxiliary indicator.
177
When the rainfall and snowfall condition in different regions outside mainland China
178
is not known, and at the same time there is no dew temperature data in the current 179 international datasets, the method cannot be applied to the larger scale analysis.
180
Although humidity phase separating method has a similar suitability with 181 temperature based method (Arpold et al., 2017; Keith et al., 2018) , it is at the same 182 time difficult to be used in large scale due to the unavailability of humidity data.
183
Research on the global scales can be only based on the temperature phase separating 184 method.
185
China has sub-continental scale characteristics of lands and natural conditions,
186
and has a diversity of climates and topographic types, and the phase separating In this work, the precipitation phase separation method was developed by using 190 the daily observational data of the national stations for years 
Data and methods
198
The main purpose of this study was to develop a method for separating solid and First, the precipitation caused by fog, dew, and frost as well as the trace 225 precipitation was removed, and daily precipitation greater than or equal to 1 mm was 226 taken as the effective precipitation. In this regard, the main consideration is that the regions, and the method developed in this paper will be able to be applied to larger 231 scale research.
232
In the separation of daily rainfall (pure rain), sleet, snow (pure snow) events,
233
"pure rain" was registered when the weather phenomenon data indicate that only rain 234 occurred on that day without snow and sleet; it was registered as "pure snow" when 235 only snowfall occurred without rain and sleet, and "sleet" when there is rain and snow 
251
For the extreme rain and snow records, comparison was made to ensure that the 252 minimum and maximum temperature was correct by examining the weather 253 phenomena, surface air temperature and precipitation on the same day. When sleet 254 occurred, the range of daily mean temperature was larger. Threshold temperature was 255 determined only for pure rain and pure snow; The daily mean temperature on a sleet 256 day was only taken as the reference temperature threshold value.
257
According to the method of China"s physical geographical regionalization, 
281
The relative or percent deviation of snow days (snowfall) was defined as the In northern China (Fig. 3a) pure snow (snowfall) events occurred when the daily 334 mean temperature was below 8.5°C , and 95% of the snowfall events occurred when 335 the daily mean temperature was less than 2.7°C and higher than -16.6°C . All pure rain 336 events (rainfall) occurred when the daily mean temperature was higher than -4.9°C , 337 and 95% occurred when the temperature was lower than 26.0°C and higher than 6.4°C.
338
All sleet events appeared in the temperature range of -12.9-22.1°C , with 95% 339 occurring when the daily mean temperature was lower than 8.3°C and higher than 340 -1.6°C . At Zhaozhou station (Fig. 3b) , the pure snow events all occurred when the daily 347 mean temperature was lower than -0.9°C , pure rainfall occurred when the daily mean 348 temperature was higher than 3.4°C, and sleet occurred in case of -4.5-6.5°C .
349
Zhaozhou station had the lowest threshold temperature of snowfall and rainfall in the 350 study region. At Balikun station (Fig. 3c) , the pure snow events all occurred when the 351 daily mean temperature was lower than -5.1°C , pure rain events occurred when the 352 daily mean temperature was higher than 4.1°C, and sleet occurred within a 353 temperature range of -7.8-12.3°C . At Shiquanhe station (Fig. 3d) , the pure snow 354 events all occurred when the daily average temperature was lower than 6.4°C , pure 355 rainfall occurred when the daily mean temperature was higher than 6.1°C, and sleet The 5% and 95% of the snow The 5% and 95% of the Sleet The 5% and 95% of the Rain It can be seen from Fig. 3 and Table 2 that there is a larger difference of the 
414
The Tt-ds values in this study are all within the daily mean temperature of sleet day,
415
however, and this operation is not required. with the main reason related to the less precipitation and insufficient water vapor.
434
Overall, the relative deviation of snowfall is between -5% and 20%. There were 312 435 stations (more than 96%) whose deviation was less than or equal to 10%, and the 436 absolute value of the relative deviation was less than 5% in most areas. 6.3°C (Shiquanhe, Fig. 3d ), the lowest is -1.2°C (Zhaozhou, Fig. 3b ), the threshold 446 temperature range was 7.5°C, and the average threshold temperature for the whole decreased from west to east, and it decreased from east to west in areas west of 90°E.
452
On the whole, the west of 105°E showed an approximately zonal distribution, and the 
460
This distribution feature was well consistent with the spatial pattern of the 461 maximum daily mean temperature of snow days (Fig. 4a) , the minimum daily mean 462 temperature of rain days (Fig. 4b) , and the average daily mean temperature of sleet 463 days (Fig. 4c) sub-continental or larger scales.
470
The spatial distribution of threshold temperature of solid and liquid precipitation 
494
The threshold temperature decreased with the increase of latitude. This may be the temperature lapse rate is larger, the temperature difference between surface and 501 upper layer is large, and the surface air temperature is often higher when snowfall 502 occurs.
503
The threshold temperature was positively correlated with altitude, which may 504 mainly be because the ground surface receives stronger solar radiation, causing the 505 boundary-layer atmosphere to heat rapidly in the high altitude areas during daytime.
506
However, the upper air temperature is low, the temperature lapse rate is larger, the 507 cloud bottom-height is low, and the path of snowflakes is short, so snowfall 508 phenomenon can also be observed when the daytime surface air temperature is high.
509
The threshold temperature was negatively correlated with annual precipitation in 
Establishment of the threshold temperature model
516
Considering that the relative humidity data of some areas is difficult to obtain, the 517 precipitation factor was selected as the independent variable. Using the SPSS software where Tt-p is the simulated threshold temperature (°C ), N is the latitude of the station,
523
H is the altitude of the station (m), and R is the annual precipitation of the station 524 (mm).
525
The correlation coefficient between Tt-p and Tt-d (threshold temperature there was more snowfall. Fig. 9 shows spatial distribution of the relative deviation of 552 the simulated snow days (Fig. 9a) and snowfall (Fig. 9b) relative to the actual snow Affected by the extremely low air temperature and the abnormally deficient water 569 vapor due to the East Asian winter monsoon, the pure snow days (snowfall) with only 570 snowfall weather phenomenon were relatively less frequent (low) in northern China; therefore, it is more likely that the relative deviation is large in the study region.
572
However, the relative deviation range shown here is acceptable, and the fitting effect 573 is generally good.
574
The MSRE of the relative deviation of snow days was 3.9, and the MSRE of the 
Comparison with previous works
594
Previous researches used the insurance probability to obtain the threshold Tt-x at the station"s insurance probability x.
616
The threshold temperature (Tt-x) was calculated according to the insurance 617 probability method, and the threshold temperature (Tt-d) was obtained based on the 618 definition in this paper; the relative deviation comparison is presented in Table 3 . For 619 simplicity, the insurance probability interval in the that on a snow day, so the priority to ensure the determination of a snow day, the 678 estimated relative deviation of snowfall would be a little larger.
679
In this paper, only the two phases of pure snowfall and pure rainfall were 680 determined, however, and the sleet was not analyzed. In the case of sleet, the surface 681 air temperature changed greatly during a day; there was probably sleet, pure rain and 682 pure snow in the same day, the actual threshold temperature fluctuations were large,
683
and it would be difficult to accurately determine and simulate. Because the method 684 used in this paper did not quantify the sleet, when precipitation was separated into 685 solid and liquid state, the sleets will be classified as snow when the daily mean 686 temperature is lower than the threshold temperature, and as rain when the daily mean 687 temperature is higher than the threshold temperature, causing a certain error. However,
688
for the study of large-scale snowfall climatology, especially for studies of the larger 689 than subcontinental scale snowfall climate change, the snow and rain separation 690 method presented in this paper could well meet the needs. 
